We propose a rapid method for the evaluation of automatic blood pressure measurement devices (READ) in response to the claim to simplify the validation of those devices. The READ is based on numerous blood pressure (BP) measurements at rest and during a standardised postural challenge in a small number of subjects who exhibit a wide range of BPs. Automatic (AU) and mercury sphygmomanometric (MS) brachial BP were measured simultaneously in a blinded manner. An average of 30 measurements per patient were done in 10-min while in a supine position, followed by 30 min in head-up tilt and again supine for 10 min. Two Collin-8800 automated oscillometric devices were tested with the aid of the READ in 15 adults. The consistency of the MS standard was demonstrated by duplicate MS
Introduction
With the introduction of automatic instruments for the measurement of clinic, home and ambulatory blood pressure (BP) manufacturers are producing a diversity of measurement devices. There is no obligation on producers to have such devices validated independently, even though there has been a call for such action. 1 Validation of automatic BP measuring (AU) devices is a relatively new field of research. Most validation procedures assess the accuracy of a test device against a known standard, most commonly a mercury sphygmomanometer (MS). The main factors that can influence the validation procedure include the difference between oscillometric and Korotkoff sound detection, the influence of BP level, age and exercise, the accuracy of the standard and protocol compliance. 1 There are national protocols for validating BP measuring devices. 2, 3 At present validation of automatic BP measurement devices is very cumbersome, time consuming and expensive because a large number of subjects are tested across a wide range of BPs, requiring the employment of many well trained observers. 4 There is a need to simplify the validation of automatic BP measurement devices by enlisting fewer subjects, with a more restricted range of BPs and carrying out numerous BP measurements in each subject. Furthermore, it would be helpful to assess the automatic BP measurement devices as a two-step process: the first step aimed to uncover quickly and to eliminate from further assessment the grossly inaccurate devices; the second step reserved for instruments which tested favourably on initial evaluation and warrant further laborious investigations using national protocols. 2, 3 We propose a rapid and inexpensive method for the initial evaluation of automatic BP measurement devices (READ). This method is based on numerous BP measurements, performed both at rest and during a standardised postural stress, in a small number of selected subjects, exhibiting a wide range of BPs.
Patients and methods
The Collin BP-8800 (Hayashi, Japan) automated oscillometric device (AU) designed for measurement of the brachial BP was evaluated and compared with a mercury sphygmomanometer. Fifteen adult patients, six males and nine females, with the mean age of 43 years (range 23 to 74 years) and mean body weight index of 24.5 (range 19 to 26) were assigned to the study. According to their sitting BP the patients were classified into the following categories: 5 optimal BP (n = 2), normal BP (n = 3), highnormal BP (n = 3), mild hypertension (n = 3), moderate hypertension (n = 2), severe hypertension (n = 2).
For the READ, measurements of the BP at rest as well as under conditions of a standardised stress were performed using the head-up tilt test. The tilt test comprises phases of supine rest and postural challenge. 6 The patient lay supine on the tilt table, secured to the table at chest, hips and knees using adhesive girdles, the cuff of the BP recording device attached to the left arm which was supported at heart level at all times during the study. The BP was measured initially in the supine position for 10 min. This was followed by slowly (during 30 sec) tilting the patient to a 70°head-up position, with the arm supported at heart level. The tilt phase lasted 30 min and was followed by another supine phase of 10 min duration. The AU was programmed for measurements at 5-min intervals. In addition, at the end of each supine and the tilt phase, five measurements were done in the 'continuous' mode, ie, at intervals of approximately 25 sec. On the average, 30 BP measurements were obtained in each patient. During the course of the tilt test an electrocardiogram was recorded continuously.
The MS measurements were done with a standard Baumanometer (Standby Model 0661-0250) by two physicians certified in the BP measurement technique according to the American Heart Association recommendations. 7 The consistency of the MS measurements was assessed by duplicate MS measurements in five patients using dual sets of earpieces. The mean systolic and diastolic BP differences (⌬BP) were less than 1 mm Hg and, referred to the grading chart of the British Hypertension Society 2 the MS measurements ranked within class A demonstrating the consistency of MS measurements.
Two Collin BP-8800 instruments were tested. The instruments were calibrated before the study and the AU and MS were connected to a common, regularsized brachial cuff. The cuff inflation of the automatic device lasts 5 sec and the cuff deflation lasts 20 sec. Automatic and sphygmomanometric measurements were taken simultaneously, on the same arm as the cuff, by different observers in a blinded manner. The differences between values of the systolic and diastolic BP assessed by AU and MS (⌬BP:AU-MS) were calculated. The ⌬BP was determined for all measurements as well as separately for the supine and head-up positions, at 5-min intervals measurements and 'continuous' mode, for each instrument tested, and for each subject. The percentage of readings that pertain within the ⌬BP:AU-MS Ͻ5 mm Hg, Ͻ10 mm Hg and Ͻ15 mm Hg were calculated and referred to the grading chart of the British Hypertension Society. 2 According to the latter, a test device is acceptable for clinical practice when at least 65% of the readings fall within the 5 mm Hg, 85% within 10 mm Hg and 95% within 15 mm Hg of the MS.
Statistical analysis used the t-test and BlandAltman plots as appropriate.
Results
Altogether, 447 simultaneous AU and MS measurements were performed within 15 h of registration by two physicians. Blood pressure measurements were done 219 times at 5-min intervals and at 'continuous' mode 228 times. Each BP category of the JNC VI 5 was met in at least 40 manual BP measurements (Table 1) . Ten subjects examined with one instrument and the five subjects examined with the second instrument covered the range of normal to hypertensive BP. All patients exhibited sinus rhythm during testing.
The differences between automatic and sphygmomanometric measurements are shown in Figures 1  and 2 . In general, the AU systolic BP values were higher than MS systolic BP values (mean systolic ⌬BP = 1.09 ± 11.4 mm Hg) and AU diastolic BP values were lower than MS diastolic BP values (mean diastolic ⌬BP = −13.36 ± 8.9 mm Hg). The diastolic ⌬BP did not satisfy the criteria of the American Association for the Advancement of Medical Instrumentation (AAMI) requiring that the mean ⌬BP be 5 mm Hg or less and the s.d. be 8 mm Hg or less. 3 Both the systolic and diastolic ⌬BPs were classified into category D of the British Hypertension Society, 2 hence did not satisfy the requirement that ⌬BP be Ͻ5 mm Hg in 65% or more of measurements, Ͻ⌬10 mm Hg in 85% or more of measurements and Ͻ⌬15 mm Hg in 95% of measurements (Table 2) . Further, the following factors classified to class D of the BHS (Table 3) : each instrument, each subject, each phase of the tilt test (supine I, tilt or supine II) and each mode of measurement (at 5-min intervals or 'continuous').
Correlates of the ⌬BP are shown in Table 4 . The ⌬BP was inversely related to the magnitude of the systolic and diastolic BP and the systolic ⌬BP related directly with the maximal heart rate on tilt.
Discussion
This study showed that the accuracy of an automatic BP measurement device can be quickly evaluated by performing numerous BP measurements in a selected population which exhibits a wide range of BPs. According to the results of the READ, the Collin BP-8800 automated oscillometric device did not satisfy the requirements of the AAMI and the BHS.
2,3 Each subject qualified within category D of the BHS. A similar level of error can be understood if the automatic device is grossly inaccurate. The former conclusion was reached since the tested device did not satisfy the requirements of the AAMI and the BHS standards. Alternatively, the possibility that mercury sphygmomanometry-the gold standard with which automatic devices are compared 4 -was inaccurate has been excluded since differences between manual measurements by blinded and trained observers were insignificant.
For the READ, we utilised the setting of the headup tilt test. The head-up tilt test reflects not only to BP at rest but also BP reactivity under conditions of a standardised postural challenge. During the initial 30 sec of tilting there is a distinct haemodynamic instability which is followed (at 30 sec to 30 min) by a stabilised response. A healthy young subject typically exhibits during the stabilised response to head-up tilt, an increase in total peripheral resistance by about 45%, and an increase in diastolic BP by 10 to 15% while the systolic BP does not change significantly. 8 The major purpose of tilting in the present study was to increase the range in BP values for each subject, thereby permitting to restrict the number of patients enlisted.
The preliminary power analysis for READ takes advantage of the established principles utilised for validation methods. 2 The READ is based on numerous measurements obtained in a few patients. Validation studies are based on large numbers of patients each submitted to a few BP measurements. The total number of BP measurements for both the READ and for validation studies is comparable, and covers the spectrum of low, medium and high BP in similar proportions for both methods. 2, 4, 9 Since discrepancies between automatic devices and the mercury standard are influenced by age, 10 subjects covering a spectrum of ages from 23 to 74 years were chosen for the READ.
There are limitations to this study. First, it is unknown how the results of the READ relate to results of standard validation methods. Second, it has not been investigated whether the uniform behaviour of the Collin BP-8800 automatic device under diverse conditions is a specific attribute of this instrument or maybe a common characteristic of automatic devices. Third, it has not been explored whether the ⌬BP (AU-MS) during postural stress is of similar magnitude with ⌬BP (AU-MS) on mental stress or on physical exercise, and if so whether or not the postural test can be utilised for evaluation of ambulatory BP monitors. Fourth, it has not been tested how well READ performs in children, in elderly patients, in isolated systolic hypertension, in the obese, or in the presence of cardiac arrhythmia. The patient characteristics could be important on account of the influence of the heart rate and the BP magnitude on the accuracy of the AU, particularly for instruments which are borderline between class B and C. Fifth, a possible inconvenience of the READ is the occurrence of symptomatic postural hypotension during tilt in 5% of normotensive as well as hypertensive patients.
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In conclusion, the READ is suitable for different patient populations, is simple and relatively inexpensive. The READ could serve as a pre-validation test, disclosing inadequacies in automatic BP measuring devices which may be amenable to correction by the manufacturer, and thus prevent them needlessly going through cumbersome validation protocols. Second, the READ could be useful as a postvalidation test aimed to examine whether or not accurate devices preserve their accuracy in field. Third, the READ could be helpful for testing devices which are to be used in scientific studies. Fourth, testing automatic devices during tilt could provide an indication of their accuracy under ambulatory conditions. Indeed the average BP during the headup tilt test closely correlates with average daytime ambulatory BP. 6 Testing during the performance of exercise and under true ambulatory conditions is difficult, 12 but the READ could prove to be a useful surrogate.
